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Abstract 
Chemical risk factors increase with the diversification of “aggressive” processing technologies of raw matter. 
Furfurol and its derivatives accidentally present in finite food products due to the poor thermal process (soaking in 
boiling water, pealing etc.) of apricots (Prunus armeniaca) and peach  (Prunus persica) rich in hexoses and pentoses 
(whole alimentary fibbers) are, from this perspective, a major chemical risk more and more frequently noticeable due 
to their negative effects. This paper aims to report the potential existence of these compounds in the natural extract of 
apricot and/or peach cultivated in Western Romania (the Timiú County) as a result of “aggressive” treatments during 
the soaking in boiling water, pealing, sugar preserving etc. processing. The extract contains between 4.1-8.8% sugars, 
0.26-0.51% low organic acids (malic, citric, tartric), 1.43-4.57% cellulose and hemicelluloses. Their thermal 
processing favors inner acid hydrolysis (malic, citric, and tartric acids) of cellulose and hemicelluloses (hexoses, 
pentoses) up to furfural (F) (CAS 98 – 01 – 1) 5 (hydroxymethyl) furfural (5 – HMF) (CAS 67 – 47 – 0) and other 
furanic derivatives with variable share depending on working parameters. Determination was made by colorimetric 
assessment of color compounds) made up through the condensation of diphenylamine (CAS 122 – 39 – 4) with 
furfural and 5 – (hydroxymethyl) furfural within the spectral interval 490-680 nm. The results confirm the presence of 
furfural derivatives in natural extracts from apricot and peach processed thermally at temperatures above 100°C. The 
detection limit is 5 g/mL. The method reproducibility is ±0.3%. The soaking in boiling water, the technological 
vapour or hot water pealing and the low organic acids (tartric, malic, citric) in the fruits and the extracts, respectively, 
directly influence the share of furfural derivatives. 
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1. Introduction 
Expression „protective foods” (Mincu, I., et al. 1989; Segal, B., et al, 1999, Durlach, J. Et al, 1999) 
includes foods rich in bioactive compounds („protective factors”) obtained from the vegetable, fruit.  
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Natural juices, apricot / peach („liquid fruit”) by their nutrient / biologically active native potential are 
functional foods (protective) with health benefits (hyperacidity, diabetes, gout, senescence, cardiovascular 
disease, etc). 
Their processing technologies include inevitably thermal unit operations (peeling, monitored enzyme 
inactivation, softening texture, chicken) (figure 3) requiring technological steam. 
Furfural (F) (2 – furaldehyde, furfurol) (CAS 98-01-1) and some of its derivatives [5-(hydroxymethyl) 
furfural (5-HMF) (CAS 67-47-0) heterocyclic carbonyl compounds is commonly found in varying 
amounts in various foods rich in carbohydrates (hexose) as a result of improperly monitored thermal 
processing which hexose respectively pentose (figure 1) its dehydrate the acid catalysis. 
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Fig. 1. Thermal dehydration in acid catalysis of pentose (a) and hexose (b) 
 
Volatile compound furfural is easily entrained in the flow of water vapour (steam) the thermal unit 
operations. Doebereiner, 1832 and other researchers later found its formation in the seed shells, cobs by 
heating in acid medium with superheated steam. 
Colourless fluid with boiling point at 161 - 165°C corosive, toxic irritant the aldehyde group involved 
in numerous condensation reactions in acid medium with the formation of intensely coloured products 
[aniline (red), benzidine (blue), xilidine (red), anyone (blue – purple), resorcin (blue – purple), 
diphenylamine (blue) (figure 2). 
 
 
 
 
 
 
Fig. 2. Structure of colored compounds F and 5 - HMF with diphenylamine 
2. Materials & Methods 
Materials:  
x apricots and peach’s (harvest 2009) traditional varieties in the Western area of Romania (county 
7LPL 
Analytical reagents (selective presentation) catalogue Sigma-Aldrich. 
x diphenylamine (CAS 122-39-4), furfural (CAS 98-01-1), 5-hydroxymethyl furfural (CAS 67-47-0). 
Spectrophotometer UV-VIS 
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Methods (selected presentation) 
&RORULPHWULFGHWHUPLQDWLRQRID]RPHWKLQHFRPSRXQGVRI) L+0)
It can perform in liquid phase (apricot and / or peaches juice) used as reference in identical cells that in 
the gas phase (bubbling atmosphere in the processing space through a trap) (figure 3). In both cases 
proceed classic by calibration curve plotting to 5-HMF reference, in the range of 10 – 100 g/mL. Linearity 
range Lambert-Beer is 0-5g/mL. Maximum absorption recommended for colorimetric assessment 580 and 
640 nm. Colour reagent solution its prepare with validity checked of 24 h, by dissolving 0.375 g 
diphenylamine (CAS 122-39-4) analytical purity in 15 mL glacial acetic acid (CAS 64-19-7) and 9 mL 
concentrated hydrochloric acid. Can be diluted depending on the emissions concentration of 5-HMF 
during procedure. The maximum error recorded is ±1%, reproducibility ± 0.341%. In determination were 
not reported other interference. 
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Fig. 3. Scheme of unit operations and critical control points PCC in processing the natural juices of apricot and peach 
 
 
 
 
 
1288  Jianu Calin et al. / Procedia Food Science 1 (2011) 1285 – 1289
3. Results & Discussion 
Preliminary research monitored the changes (variation) of the organic composition of the apricots and 
peaches throughout the determined duration of the vegetation period (growth, maturity) subsequently 
stored until usage. 
The three geographical areas (AG1, AG2; AG3) of reference for the studied fruits belong to the Western 
Plain of Romania (Northern latitude 45°; 22´ respectively Eastern longitude 21°; 25´) with a 
predominantly chernozemic soil leached with humus, next to halomorphic, hydromorphic, meadows and 
sands. The moderate plain climate with oceanic and sub Mediterranean influences registers an average 
temperature of 21 to 23°C (the hottest month and rainfall between 600 and 700 mm and predominantly 
Western winds). 
The complex phenomenon of growth and PDWXULW\ RI WKH DSSOHV LQFOXGHV D FKDLQ RI biochemical 
processesWKDW generate and determineWKHDFFXPXODWLRQRIFDUERK\GUDWHVLQratios specific to WKHVSHFLHV
DQGEUHHGIROORZLQg theirXWLOLVDWLRQLQRWKHUPHWDEROLF processes. 
In our research, fructose, glucose and sucrose during a growing cycle of apricots and peaches have 
overall slight accumulation. Thus the glucose for peach oscillates between 10-20 mg/edible part (in 
cuticle) and between 20 – 30 mg/edible part (in pulp). Weight ratio of fructose / glucose remained 
constant (1,1/1). During maturation (months V, VI, VII for apricots, respectively VII, VIII, IX for peaches, 
sucrose remains constant (5.1 – 5.3 g/100 g edible part). During storage (depositing) to processing total 
carbohydrate content is changed for both types (between 9.6 – 13.8% for apricots respectively between 
6.3 – 12.8% for peaches). For storage temperatures of 20-22°C total carbohydrate loss by respiration is 
between the 1 – 1,8% for apricots and between 1 – 1.7% for peaches. Storage in controlled atmosphere 
(94% CO2/ 6% O2) significantly decreased weight loss (between 0.7 – 0.8%) for glucose, fructose and 
sucrose. Lower organic acids and mono-polycarboxylic from apricots and peaches addition to the major 
role of intermediaries in the overall metabolism, in sensory qualities determine the equilibrium acid - base 
of the system. Amount of their share in the free state and combined (total acidity) in studied case, with 
titratable acidity expressed as mg/% edible part confirmed for apricots (malic acid 1000, citric acid 400) 
and for peaches (malic acid 340, citric acid 250) values are consistent with dissociation constants for 
malic acid (K1 = 3.86 · 10-4; K2 = 1.29 · 10-5) and for citric acid (K1 = 8.7 · 10-4; K2 = 1.8 · 10-5; K3 = 4.0 · 
10-6). Malic and citric acids evaluated were 95.08% of total water soluble organic acids. They but in 
smaller proportion (below 250 mg/% edible part) and ascorbic (K1 = 7.94 · 10-5; K2 = 1.62 · 10-12), 
succinic (K1 = 6.3 · 10-5; K2 = 3.4 · 10-16), tartaric (K1 = 1.04 · 10-3; K2 = 4.55 · 10-5), lactic (K1 = 1,4 · 10-
4) acids are responsible for the thermal dehydration of glucose (5.36%), fructose (7.54%) and sucrose 
DIWHUVSOLWLQIUXFWRVHDQG LJOXFRVH5.34%)). 
Dynamics of titratable acidity proved to be proportional to the storage conditions for apricots (1.51% 
initially, respectively 1.32% after 5 days at 22°C storage and 1.51% initially, respectively 1.49% after 10 
days at 3°C). 
Throughout the post-harvesting period (storage) the total carbohydrate content varies. Results 
registered by us show that the value decreases throughout storage depending on the environment 
parameters (being favoured by the refrigerated atmosphere (+ 4°C) in starch (mature at the supra-maturity 
limit) at harvest time the monosaccharide ratio keeps constant most likely due to the accentuated 
hydrolysis of the reserve polysaccharose.  
In the same storage period for all apple types that are evaluated the process of forming and 
transforming protopectine in soluble pectin, associated with the reduction of the total pectin quantity. 
Simultaneously after 60 days of apple storage (all types) at 4°C and 80% relative humidity the texture 
firmness decreases by 3.0 kgf (piston penetrometer with a 6 mm diameter). 
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4. Conclusion 
Continuous Colorimetric Monitoring of furfural and their its major derivatives can be considered a 
preventive method available, fast, secure of risk warning, adventitious presence of these compounds in 
natural juices of apricots and/or peaches as a result of „aggressive” thermal processing of  primary fruits. 
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